Abstract The aim of this work is to contribute to the knowledge of gastrointestinal parasites of the Gentoo penguin (Pygoscelis papua) from 25 de Mayo/King George Island (South Shetlands, Antarctica). Gastrointestinal tracts of 37 fresh dead individuals (21 chicks, 10 juveniles, and 6 adults) were collected from December 2006 to February 2012 and examined for macroparasites. Four adult parasite species were found: one Cestoda species (Parorchites zederi), two Nematoda species (Stegophorus macronectes and Tetrameres wetzeli), and one Acanthocephalan (Corynosoma shackletoni). Two species of immature acanthocephalans, Corynosoma hamanni and Corynosoma bullosum, were found in a single host. This is the first record of Tetrameres wetzeli in Gentoo penguins. The low parasite richness observed could be related to the stenophagic and pelagic diet of this host species which feeds almost exclusively on krill.
Introduction
Although almost all animal populations are affected by some kind of parasites, major environmental changes, often the product of human activities, can affect ecosystems and result in an increase directly or indirectly in the distribution, abundance, or virulence of parasites and pathogens (Kerry et al. 1999; Barbosa and Palacios 2009; Fonteneau et al. 2011) . Changes caused by El Niño events have been demonstrated to exert an influence over marine and terrestrial parasites (Daszak et al. 2000) . Therefore, it is important to document the occurrence of new diseases that could be contracted by changes in diet composition as a product of climate change (Lozano 1991) and could result in declination or extinction of endemic populations (Warner 1968) . Information about distribution of parasites and endemic diseases is fundamental, as well as the understanding of modulations that they can cause in animal populations (Fonteneau et al. 2011) .
Penguins are excellent models to measure the effect of climate changes because they are very sensitive to changes in the ocean ecosystem (Boersma 2008) , and this should be reflected in their parasites. Also, they inhabit a wide geographic area (Barbraud and Weimerskirch 2006) , and in Antarctica, penguins are a high proportion of the vertebrate biomass.
The Gentoo penguin, Pygoscelis papua (Forster) (Aves, Spheniscidae), is one of the more abundant marine birds in the Antarctic ecosystem (Croxall and Prince 1980) and has a circumpolar distribution, between 46º and 65º on Sub-Antarctic islands and the Antarctic Peninsula (Woelher 1993) . Adults begin to arrive on coasts in late September, and the breeding season takes place until February. Despite Gentoo penguins feeding extensively on krill, they are capable of a high plasticity in their diet, including also fishes and squids (Berón et al. 2002 , Libertelli et al. 2010 , which allows them to adapt to unfavorable conditions. In fact, this species is increasing its populations on the Antarctic Peninsula unlike the other two species of pygoscelid penguins (Lynch et al. 2012) .
Knowledge about the parasites and diseases of P. papua in its Antarctic distribution range is very scarce (Kerry et al. 1999; Barbosa and Palacios 2009) . Recent research has enlarged considerably the knowledge about parasites of some Antarctic penguins, providing not only taxonomic information but also data on prevalence and intensity (Fonteneau et al. 2011; Vidal et al. 2012) . Data on the helminth fauna of the Gentoo penguin, however, is fragmented, outdated, includes erroneous identifications, and in some cases, is based on sporadic findings (Cielecka et al. 1992; Fredes et al. 2006; Barbosa and Palacios 2009; Woods et al. 2009 ).
The objective of the present study is to describe the gastrointestinal helminth community of Pygoscelis papua from Stranger Point, 25 de Mayo/King George Island, Antarctica, with the ultimate goal of providing baseline data for the parasite/host relationships in this host species and locality which may be sensitive to environmental changes which are currently occurring due to climatic change in the region (Turner et al. 2009 ).
Materials and methods
Thirty seven Gentoo penguins, Pygoscelis papua-21 chicks (less than 20 days old), 10 juveniles (more than 20 days old), and 6 adults-freshly dead, were collected in the Antarctic Specially Protected Area 132, Stranger Point (62º14'S-58º39'W), near the Argentinean Scientific Base Carlini, 25 de Mayo/King George Island, South Shetland Islands, Antarctica, during summer field trips from 2006 to 2012, except 2010/2011. Digestive tracts were removed and frozen at −20°C or fixed in 10 % formalin until parasitological examination could be carried out. They were separated into esophagus, stomach, and intestine. Gastrointestinal helminths were removed under a stereomicroscope, fixed in 5 % hot formalin, and preserved in 70 % ethanol. Cestodes were stained in Semichon's carmine, dehydrated in a graded ethanol series, cleared in methyl salicylate, and mounted in Canada balsam. Some specimens were embedded in paraffin, sectioned in transversal and sagittal views of 8-10-μm thickness, and stained in haematoxylin-eosin. Nematodes were cleared in 25 % glycerine alcohol and acanthocephalans in lactophenol. All species were studied using a light microscope. Some specimens of each species collected were dehydrated, dried by the critical point method; gold coated, observed, and photographed using a scanning electron microscope (JEOL/JSMT 6360 LV, Tokyo, Japan) from the Museo de La Plata, La Plata, Argentina. The terms prevalence (P), mean intensity (MI), and community were interpreted and calculated according to Bush et al. (1997) . The MI is followed by standard error and range. Specimens were deposited in the Helminthological Collection of the Museo de La Plata (MLP) 6653, 6654, 6655, 6656, La Plata, Argentina and Museo Nacional de Ciencias Naturales de Madrid (MNCN) 4.03/164, 11.02/4, 11.02/5, 13.03/2.
Results
A total of 836 helminths were recovered, belonging to four parasite species: one cestode Parorchites zederi (Baird 1853) from the intestine; two nematode species, Stegophorus macronectes (Johnston and Mawson 1942) in the esophagus and stomach, and Tetrameres wetzeli Schmidt 1965 in the glandular stomach; and one acanthocephalan, Corynosoma shackeltoni (Zdzitowiecki 1978) in the intestine. Also, immature acanthocephalans belonging to two different species of Corynosoma were found. Of the total penguins examined, 62.2 % were parasitized by at least one of the species identified (MI=36.3).
Parorchites zederi (Cestoda, Dilepididae) ( Fig. 1 ) was localized free in the intestinal content or deeply embedded in the intestinal mucosa forming nodular lesions with different morphology. The scolex has four suckers and a rostellum armed with 18-20 hooks disposed in two rows and is followed by a large and wide pseudoscolex. Mature proglottids are wider than long. Genital pores are irregularly alternate. Stegophorus macronectes (Nematoda, Acuariidae) ( Fig. 2) was located in the stomach. The identification was based on the study of the morphology of ornamental cephalic structures, cephalic collar and deirids, papillae distribution and features of spiculae in males, and position of the vulva in females.
In this work, a large number of gravid females of Tetrameres wetzeli (Nematoda, Tetrameriidae) (Fig. 3) were found in glands; however, only a few immature males were found.
Adult acanthocephalans were found in the intestine. Taking into account the number, shape, and size of hooks, size of proboscis, lemnisci shape, relation between proboscis receptacle and lemnisci, distribution of trunk spines, and lengths of eggs, they were identified as Corynosoma shackletoni (Fig. 4) . Also, immature acanthocephalan specimens identified as Corynosoma hamanni (Linstow 1892) and Corynosoma bullosum (Linstow 1892) were found in one penguin host.
Parorchites zederi and Stegophorus macronectes were the most common parasites in the studied community (P=54 %; MI=8.3±3.4, 1-70 and P=48.6 %; MI=31±9.4, 1-121, respectively). Tetrameres wetzeli had a very low prevalence (P=5.4 %) although the mean intensity was comparatively high (MI=35±9, 26-44). Corynosoma shackletoni was also uncommon (P=13.5 %; MI=7.4±3, 3-19).
Overall, prevalence, mean intensity, and species richness in chicks were low (P=38.8 %; MI=6±1.7, 1-15; usually one species per host, P. zederi or S. macronectes). In contrast, all juvenile and adult hosts were parasitized, showing the highest prevalence and intensities (P=100 %; MI=51± 17.7, 1-153 and P=100 %; MI=46±18, 1-109, respectively), as well as richness (2-3 species per host). All parasites species were registered in juveniles and adults and throughout all the study period, except T. wetzeli that was found only in juveniles in February.
Discussion
The component community of Pygoscelis papua in this study was composed of four helminth species. Cestodes of the species P. zederi penetrate the intestinal mucosa reaching the intestinal serosa where they generate large nodules (Ippen et al. 1981; Tzvetkov et al. 1999 ). This species is widely distributed among Antarctic penguins (Hoberg 2005; Barbosa and Vidal et al. 2012) and is the only member of the order Cyclophyllidea in pelagic systems (Hoberg 2005) .
The nematode Stegophorus macronectes has a wide host and geographical distribution (Vidal et al. 2012) . Among penguins this species has been reported in P. papua, Pygoscelis adeliae (Hombron and Jacquinot), Pygoscelis antarctica (Forster), Eudyptes chrysocome (Forster) and Eudyptes chrysolophus (Brandt) (Johnston and Mawson 1945; Mawson 1953; Zdzitowiecki and Drózdz 1980) .
Tetrameres wetzeli was described from a Rockhopper penguin E. chrysocome at a German zoo that had original been collected on the Kerguelen Islands (Schmidt 1965 ) and more recently in the King penguin, Aptenodytes patagonicus Miller, in the Crozet Islands (Fonteneau et al. 2011 ). The genus Tetrameres parasitizes different orders of birds in which typically both female and male are found together in the glands of the proventriculus wall, and usually, the male migrates to the digestive cavity when the cyst breaks (Schmidt 1965) . Because this species is hidden in the proventricular glands, it is possible that its presence has been undetected or underestimated in previous works. Even so, we cannot affirm that it was a component species of the helminth community of this colony. It is possible that a temporal variation in the diet has caused this new infestation. However, further studies are necessary to corroborate if this is a change in the helminth community of this host population, expanding the distribution range of this nematode, or if it is an isolated record.
Among seabirds, nematodes are often characteristic, prominent, and abundant components of the overall parasite fauna, with spirurids such as species of Stegophorus and Tetrameres characteristic in penguins (Hoberg 2005) .
Many species of Corynosoma that are found in seabirds only develop to maturity in cetaceans or pinnipeds (Hoberg 2005) . Most of the reports of the genus in marine birds have been of immature specimens (Zdzitowiecki 1984 (Zdzitowiecki , 1985 (Zdzitowiecki , 1986 (Zdzitowiecki , 1991 Vidal et al. 2012 ). Birds frequently act as an ecological sink of seal parasites, ending up in hosts where they cannot reproduce (Taraschewski 2005) . Only Corynosoma shackletoni has been found in the adult stage in pygoscelid penguins, precisely in Gentoo penguins (Hoberg 1986) .
The higher values of prevalence, intensities, and richness in both adults and juveniles birds are probably because the older hosts had more time to accumulate parasites. The high prevalence of P. zederi and S. macronectes in Gentoo penguin may be a consequence of the broad oceanic distribution of euphausiids that serve as suitable intermediate/paratenic hosts and are the principal prey items of this penguin in the study area (Williams 1995) . The pelagic crustacean Euphausia superba (krill) appears to be the main intermediate host for P. zederi and S. macronectes, but not for C. shackletoni (see Anderson 2000 , Hoberg, 2005 , Vidal et al., 2012 . In contrast, C. shackletoni were being acquired by feeding in littoral habitat from piscine prey. It is known that notothenid fishes as Notothenia coriiceps harbor cystacanths of C. shackletoni in the studied area (Laskowski and Zdzitowiecki 2005; Laskowski et al. 2012) . As was stated by Fonteneau et al. (2011) , "further studies should be conducted to determine possible sources of infestation by the nematode T. wetzeli." Barbosa and Palacios (2009) reported other helminth species present in the Gentoo penguin in other places in Antarctica (e.g., Contracaecum heardi, Stomachus sp., Streptocara sp., Ascaridia sp., Tetrabothrius pauliani, and Corynosoma bullosum (Mawson 1953; Prudhoe 1969; Hoberg 1986; Fredes et al. 2006 Fredes et al. , 2007 ). Almost all these records consisted of a few immature parasite specimens and could represent occasional and/or accidental findings, whereas the results here are based on a representative sample of the colony. However, variations in the species richness due to differences in the geographical areas considered between studies, sampling effort of helminths, changes in the diet, or in distribution of parasites cannot be excluded.
As expected in pelagic and stenophagic birds such as penguins, the helminth richness was low (Hoberg 2005; Barbosa and Palacios 2009; Diaz et al. 2010a; Fonteneau et al. 2011; Vidal et al. 2012 ). However, Gentoo penguins seems to harbor more helminth species than the Adélie or the chinstrap penguin (Barbosa and Palacios 2009; Vidal et al. 2012; Diaz et al. 2010b) , probably due to their wider prey spectrum.
Nevertheless, our results might have been influenced by the large number of chicks in the sample, which may not have had enough time to acquire parasites. Also, there is a preferential prey selection during the breeding season. This could cause a bias on the global results. Also, taking into account that birds were found dead, it could not be excluded that causes of death were related to the parasite burden, overestimating the infestation rate population. Even so, baseline data is provided on the helminth fauna of Gentoo penguin in this habitat.
In spite of the low prevalence, this work highlights the first record of the genus Tetrameres in Gentoo penguin and also in Antarctica as other records have been reported for SubAntarctic Islands (Schmidt 1965; Fonteneau et al. 2011) .
